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" , This investigation was motivated in part by the observation 2
that the empirical pseudopotential calculations' of the TiC
electronic structure produced valence electron densities that
disagree severely with those obtained from first-principles Acknowledgmenut This work was supported by the Office
calculations.2 The intent of this study was to see ifthe mixed- of Naval Research. One of us (RSW) acknowledges the Ca-
basis band structure interpolation scheme (MBBSIS)' could mille and Henry Dreyfus Foundation and the Alfred P.
be used to obtain reliable band structures and charge densi- Sloan Foundation for financial support. We are grateful to

.- '4 ties for more complex systems, such as TiC, TiN, and TiO. D. J. Chadi for enlightening discussions.
Our method of calculation has been described in detail

elsewhere.
4 The electron density associated with each band

state was defined as the square of its MBBSIS eigenfunction, '. F. Alward. C. Y. Font, M. El-Batasouny. ad F. Wooten. Solid State
which is a combination of 39 orthogonalized plane waves Coninun. Ii, 1063 1975,
Saf i

2
P. Blahe and K. Schwartz. tat. J Quantum Chem 23. 1535 1983;

_OPWI and Sd-wave functions in the present scheme. 'R.L aenbw d N. V. SnuB 27, 3144 (1983 m* In a recent study, detailed band mapping was performed "S. Kit and R. S Willams he ublis

using angle-resolved photoelectron spectroscopy (ARPES) 'A. Callenas. L. I Jobanuon. A N Chistensen. K Schwartz. and J Re. Rao
to obtain band dispersions for TiC5 and TiN.

4 Noticeable dinger. Phys. RevB 27. 5934 (19931
discrepancies between the first-principles results

5 6 and 'L I Jobansson. A Callenas. P M Stefan, A N Chnstensen, and K

ARPES data
56 can be found. In particular, the experimental Schwartz, Phys Rey. B 24. 1t83 (1981

bands have a clear gand gap in the valence bands that does
not appear in the calculations.6 The MBBSIS energy bands FIG I Comparison of contour N " Ti

: were empirically adjusted for TiC and TiN, and agree very plots between lal the total charge

well with the ARPES data.
5
'
6  

density of the bands fitted to the

first-princtples results of Ref 6
The total valence electron densities of TiC, TiN, and TiO and tbl that of the empirically ad-

calculated by the MBBSIS fitted to the first-principles re- justed bands for TiN. normalized La
suits agree very well with the densities calculated in Ref. 2. to 9 electrons per unit cell The
The electron densities around the nonmetal atoms are projection shown is a (lOO plane
spherically symmetric and show increased localization go- bounded by two Ti and N atoms ri I N

"" ' ing from TIC to TiO. The electron densities around the titan-
ium atom strongly deviate from spherical symmetry, and the N. :. Ti

deviation changes from e. symmetry for TiC to t 28 symme-
try for TiO. The relationship between banding and bonding'+". imav be illustrated by examining states with k points along (b)

the A direction. The electron density plots for the first band
with A, symmetry for the three Ti compounds illustrate the . .

covalent bonding (pd, ) between nonmetal 2p and Ti r,, or- N_ '"
bitals. The electron densities around the Ti atom are reduced

-.- "" going from TiC to TiO, while those around the nonmetal
atoms increase. This indicates that TiC exhibits the highest ., Vt

degree of covalent bonding and that the more ionic character
increases as the series progresses from TiC to TaO. Similar
features are also found in the electron densities of the second

" ". band of A, symmetry. The covalent bonding (pd.) character Accesion For
%. between the nonmetal 2p and Ti e, orbitals is decreased go-

ing from TiC to TiO. The electron density plot for the band NTIS CRA&I
ofA symmetry shows metal-metal (dd,) bonding. Most of 'C TAB
electron density is piled up around the Ti atoms and the U.IouAced

minimum electron densities are found around nonmetal U o
atoms Figure I presents both lal the total charge density of JJbtificatlor
the bands fitted to the first-principles results and (b) that of
the emptrically adjusted bands for TN The latter pII

Sshows,,~her electron density at th and a lower By
1"elctroensity at the Ti atom than the f6rmer. In TIC. con- Di-t ibu tion

N- trary to the TiN result, the corresponding plot of the se-
miempincal charge density shows a higher concentration at Availability Codes
the Ti atom and a lower electron density at the C atom than
those of the first-principles results. This means that the se- Avail a:id / r
miempncal band structures indicate more covalent bonding Dit
character in TiC and more omic in TiN than the first-pnnci- spt _ial

* - plea resulta indicate
In summary, the contribution ofcovalent. ionic, and me-

tallic bonding in the three Ti compounds may be visualized

.in the charge densities calculated by the MBBSIS.
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